Executive Laboratories, Sheffield SUMMARY A method is described for the measurement of hydrogen in expired air, using an electrochemical detector. The apparatus is simple to use and sensitive. Its application is illustrated by studies of small bowel transit time made by measuring the time between oral ingestion of the unabsorbable carbohydrate lactulose and a rise in the concentration of hydrogen in expired air. In 20 control subjects transit time was 93.0±6.6 minutes, while in 16 patients with diarrhoea due to the irritable bowel syndrome it was 541-+6±3 minutes (P<O0OOI), suggesting an abnormality in small intestinal motility in these patients. Loperamide, a potent antidiarrhoeal agent, increased transit time in 12 of these patients from 56.3±6.7 to 100-0±10'2 minutes (p<O00 1).
The measurement of hydrogen in expired air has found an increasing number of applications, including the detection of small bowel bacterial colonisation' and disaccharidase deficiency,2 the detection and quantification of carbohydrate malabsorption,"-'; and the measurement of small bowel transit time.'-" The concentration of hydrogen in expired air is conventionally measured by gas chromatography using a thermal conductivity detector.10 11 Such apparatus is expensive and not universally available. This report describes the use of an electrochemical detector, which, when combined with a simple chromatographic system, allows rapid and sensitive measurement of breath hydrogen. We report its application to the measurement of small bowel transit time in normal control subjects and in patients with diarrhoea attributed to the irritable bowel syndrome.
Methods

HYDROGEN MEASUREMENTS
The apparatus consists of an electrochemical detector and a simple chromatographic system. The The detector response to low concentrations of hydrogen is shown in Fig. 2 . By reducing carriergas flow rate and resetting the sensitivity of the chart recorder concentrations of hydrogen as small as 0.25 ppm could be detected.
T R A N S I T T I M E M E A S U R E M E N T S
The mean transit time in control subjects, 930(+-6.6 minutes, was significantly greater than that in patients with the irritable bowel syndrome, 541+ 6.3 minutes (P<O-001; Fig. 3) . A double peak in hydrogen excretion, as occurs in small bowel bacterial overgrowth,15 was not observed, although hydrogen measurements were continued after the initial rise in breath hydrogen excretion to exclude this possibility, particularly in those patients with short transit times.
Reproducibility of transit time measurements in patients with diarrhoea was assessed by repeat testing in eight patients after an interval of three to 90 days (Fig. 4) . The mean variation of the second from the first measurements was ±16.1%. In 12 of the patients wi'th the irritable bowel syndrome, mean transit time was increased by treatmen't with loperamide from 56.3+6.7 to Discussion Conventional gas chromatographic apparatus is relatively expensive and requires trained personnel for its use, and some systems are too insensitive to measure the low hydrogen concentrations in expired air, necessitating the use of rebreathing techniques.10 More recent systems have increased sensitivity, thus allowing the use of end-expiratory breath sampling, but still need argon as a carriergas.116
The apparatus described in this paper appears to provide a satisfactory alternative method. It is very simple to use, and more sensitive than reported conventional gas chromatographic systems101' 11, concentrations of hydrogen as low as 0.25 ppm being detectable. The detector response also shows good linearity at low hydrogen concentrations. A special carrier-gas is not required, air either from a cylinder, or room-air supplied by a simple diaphragm-pump being suitable.
The apparatus described is a prototype, developed at the Health and Safety Executive Laboratories, Sheffield. It is small and easily transportable. Developmental work is under way to produce a commercially available model, which should be substantially cheaper than conventional gas chromatographic apparatus, although the final cost is not yet known. Modification may be possible to eliminate the sensitivity to carbon monoxide and oxygen, which would remove the need for the chromatographic column, although the capacity to determine carbon monoxide concentration could be useful for other purposes.
Determination of small bowel transit time by measuring the rise in breath hydrogen excretion after ingestion of lactulose was first reported and validated by Bond and Levitt, 7 and it remains the only available non-invasive, non-radiol-ogical method. Bond and Levitt have shown that this method gives reproducible results in normal subjects,7 and the present studies confirm this in patients with chronic diarrhoea. It provides a reproducible index of small intestinal propulsive activity, enabling the transit time of normal subjects and patients with gastrointestinal disorders to be compared.
The irritable bowel syndrome is usually considered to be a colonic disorder, but abnormalities of small bowel motility have been implicated. '7 18 Our observa.tion that mean transit time is shorter 140.-120 -000 00 * in patients with diarrhoea due to this syndrome than in normal subjects is additional evidence that the small bowel is frequently abnormal in these patients, and is likely to be one factor in the production of their frequent bowel actions. Similarly, the prolongation of small intestinal transit time by loperamide is likely to contribute to the an,tidiarrhoeal action of this drug. 
